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(57) Abstract 

Clusters of water-swellable polymer fines, having high rates of absorbency without gel-blocking are prepared by suspend- 
ing water-swellable polymer particles in an inert hydrophobic liquid, such as hydrocarbon, and slowly adding to the particles an 
aqueous solution, which can be water or an aqueous solution or mixture of water-soluble monomer and silica or a similar com- 
pound to silica. 
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AGGREGATES OR CLUSTERS OF WATER-SWELLABLE POLYMERS 
HAVING INCREASED HYDRATION RATE OVER UNASSOCIATED WATER- 
SWELLABLE POLYMERS 



Water-swellable polymers are well known in the 
art as useful in diapers and various other devices where 

5 aqueous absorption is desired. Often during the 

production of such polymers, a variety of particle sizes 
are produced. Those particles of very fine particle 
size, smaller than 170 mesh (88 micrometers), do not 

1( j absorb moisture as desirably as larger polymer 
particles. These fines are often separated and 
discarded from the desirable larger particles. The 
problem with the finer particles is thought to be gel 
blocking, whereby an aqueous solution does not have 

15 access to the polymer "because of dense packing of the 
particles and surface gelling of the polymer mass. 

Therefore, it would be desirable to create a 
method whereby such fine particles could be recycled or 
20 reformed into useful water-absorbing polymer particles 
rather than being discarded. 

The present invention is a method for preparing 
aggregates or clusters of water-swellable polymers, 
25 having improved hydration rates and absorbing behavior, 
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comprising (a) suspending the polymer particles in an 
inert hydrophobic liquid, and (b) adding to the 
particles, slowly, under polymerization conditions, an 
aqueous solution or mixture such that said aggregates of 
the polymer are formed. 

5 

Preferably, the aqueous solution or mixture for 
binding the particles into aggregates or clusters 
comprises (i) at least one ethylenically unsaturated 
carboxylic acid which is polymerizable with the 
water-swellable polymers and (ii) an amorphous, oil 
dispersible, substantially water-insoluble, particulate 
material . 

15 Optionally, additional steps may include 

(c) drying the aggregates and (d) crushing the 
aggregates. 

The present invention also includes aggregates 
2q or clusters of water-swellable polymers, said aggregates 
having improved rates of hydration and absorbing 
behavior, characterized by: water-swellable polymer 
particles associated by bonding to other water-swellable 
polymer particles in a random packing configuration 
25 spacially distributed to allow aqueous absorption. The 
term "aggregates" in this application means discrete 
clusters of water-swellable polymer particles. 
Permeated with many channels wherein a contacting 
aqueous fluid has access to and is absorbed by said 
30 polymer. 

The aggregates or clusters of the invention are 
typically comprised of water-swellable polymer particles 
haying a broad range of unassociated particle sizes of 
20 mesh 
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(841 micrometers) to 400 mesh (37 micrometers). The 
water-swellable polymer particles, are associated or 
clustered by bonding to other water-swellable polymer 
particles in a random packing configuration spacially 
distributed to allow aqueous absorption, said aggregates 

5 

or clusters having a size of 300 micrometers to 3000 
micrometers. 

The present invention is also drawn to an 
absorbent article comprising aggregates or clusters of 
10 water-swellable polymers formed by (i) suspending the 
unassociated polymer particles in an inert hydrophobic 
liquid, (ii) adding to the particles, slowly, under 
polymerization conditions, a solution or mixture 
comprising at least one ethylenically unsaturated 
carboxylic acid that is polymerizable with the 
unassociated water-swellable polymers and an amorphous 
oil dispersible substantially water-insoluble 
particulate material and (iii) drying said aggregates. 

20 

The Figures included herewith illustrate the 
invention by means of pairs of photomicrographs of the 
unassociated particles and the aggregates or clusters, 
of said particles. The actual invention is represented 

25 by the aggregates shown in Figures 2, 4, 6, 8 and 10. 
Figures 1, 3, 5, 7 and 9 depict the unassociated 
particles, and are not photographs of the present 
invention. Figure 1 is a photograph of unassociated 
water-swellable polymer particles having a size of 

30 325 mesh 

(44 micrometers) and smaller and Figure 2 is a 
photograph of the aggregates or clusters of the 
unassociated particles having the particle size of 
325 mesh (44 micrometers) and smaller. Figure 3 is a 
photograph of unassociated particles having a variety of 
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25 



30 



sizes and Figure 4 is a photograph of the aggregates of 
those unassociated particles having varying sizes. 
Figure 5 is a photograph of unassociated polymer 
particles having a size of 170 to 325 mesh (88 to 44 
5 micrometers) and Figure 6 is a photograph of the 
aggregates of the polymer particles having an 
unassociated particle size of 1 7 0 to 325 mesh (88 to 44 
micrometers). Figure 7 is a photograph of unassociated 
polymer particles having a size of 100 to 170 mesh (149 
10 to 88 micrometers) and Figure 8 is a photograph of the 
aggregates of the polymer particles having an 
unassociated particle size of 100 to 170 mesh (149 to 88 
mxcrometers). Figure 9 is a photograph of unassociated 
polymer particle* having a size of 50 to 100 mesh (297 
»5 to 149 micrometers) and Figure 10 is a photograph of the 
aggregates of the polymer particles having an 
unassociated particle size of 50 to 100 mesh 297 to 149 
micrometersj. 

!0 A * - The Water-Swellable Pol iter Particles 

The water-swellable or lightly crosslinlced 
hydrophilic polymer particles useful in the present 
invention can be any of the known hydrophilic polymers 
which are capable of absorbing large quantities of 
fluids. Examples of such polymers include those 
disclosed in U.S. Patents 4,833,222, 3,997,484; 
3,926,891, 3,935,099; 4,090,013; and 4, 190,562. Such 
hydrophilic polymers are prepared from water-soluble 
a,B-ethylenically unsaturated monomers such as mono and 
polycarboxylic acids and acrylamide and its derivatives. 

The water-soluble monomers which are 
polymerized to form the water-swellable polymers of the ? 
present invention include those monomers listed in U.S. 
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Patent 4,833*222. Examples of such monomers include 
a,p-ethylenically unsaturated monomers such as mono and 
polycarboxylic acids . 

B. The Aggregates or Clusters 

5 

The water-swellable or lightly crosslinked 
hydrophilic polymer particles which benefit the greatest 
from being incorporated into the aggregates or clusters 
of the present invention are those unassociated 

10 particles which have a mesh size of less than 400 mesh 
(37 micrometers) and , preferably, from 170 to 400 (88 
to 37 micrometers). Such unassociated particles have 
been identified as causing gel blocking when such 
polymer particles are contacted with aqueous fluids. 

1 ^ Gel blocking, it is thought , occurs when the polymer 

particles are small and fine, causing tight packing of a 
mass of unassociated particles. The particles of the 
mass of polymer are thought to be compacted to such an 

20 extent that swelling and gelling on the surface of the . 
mass of polymer occurs when it is contacted with an 
aqueous fluid, blocking remaining aqueous fluid from 
freely flowing between the particles and being absorbed. 
These same unassociated particles do not exhibit gel 

25 blocking behavior when incorporated into the aggregates 
or clusters of .the present invention. 

The aggregates of water-swellable polymers are 
comprised of water-swellable polymer particles 
30 associated by being bound to other water-swellable 
polymer particles in a random packing configuration 
spacially distributed to allow aqueous absorption. The 
packing configuration of the polymer particles described 
herein as "random packing configuration spacially 
distributed to allow aqueous absorption" is illustrated 
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in the photographs, Figures 2, 4, 6 , 8 and , 0 . Th , 
clusters as bemg bonded together in a random special 

G * The Afluen us Solutf nn 

ethv,. n - rh , 9 , a '" ,e0US 3 ° 1Uti °" Mn be (a) "•*«• « (b) ah 
10 7 UnMtUratM — » «=Per=ed in water. 

Khen the aqueous solution comprises en ethylenically 
^saturated oertoxylio aoid monomer, the mono™ [/ 
polymenzabl. with the water-swellable polymer of the 

desert TT Um Md iDClUdeS 1U ° f th °« 

described above as water-soluble monomers particularly 

acrylic acid, m.thaoryllo acid, crotonic acid, 2* 

isoerotonic acid, alkali metal salts and ammonium salts 

thereof. Suitable polycarboxylic acids include male c 

acid, fumade acid, and itaconic acid. Suitable 

20 acrylamide derivatives include methaorylamide. The 

acid a„f r n °" erS iMlUde aCr,U0 — -""acrylic 

add and their respective salt forms such as alkali 
metal or ammonium salts. 

25 to «.„ ° Pti0nally a ^"linking monomer can be added 
to the aqueous solution. Organic compounds having two 

™ :: hyl6niC Sr ° UpS -Po^erizable with the water- 
soluble monomers can be used as the crosslinks 
monomers. Exemplary crosslinking monomers include 
30 diacrylate or dimethacrylate of ethylene glycol, 

diethylene glycol, triethylene glycol, propylene glycol 
M-butane diol, T,5-pentane diol, 1,6-hexane diol 
neopentyl glycol, trimethylol propane and 
pentaerythritol; triacrylates or trimethacrylates of 
trimethylol propane and pentaerythritol; tetracrylates 



or tetramethacrylates of pentaerythritol , 
N,N f -methylene-bis-acrylamide, NjN'-methylene-bis- 
-methacrylamide and triallyl isocyanurate , and the like. 
The preferred crosslinking monomers for the present 
invention is trimethylolpropanetriacrylate. The 
particulate material can also be present in the aqueous 
solution or can be present in the polymer particle 
suspension as discussed below. 

Optionally, minor amounts of other water- 
soluble, unsaturated monomers may be present in the 
aqueous solution such as alkyl esters of the acid 
monomers. For example, methyl acrylate or methyl 
methacrylatlfe may be present. 

D. The Polymer Particle Suspension 

The inert hydrophobic liquid used to suspend 
the water-swellable polymer particles and the aqueous 
solution of monomer is usually an organic compound which 
is normally liquid at the conditions at which the 
polymerization process occurs. Operable liquids include 
hydrocarbons or substituted hydrocarbons. Preferred 
organic liquids are the halogenated hydrocarbons such as 
perchloroethylene, methylene chloride and the like, as 
well as liquid hydrocarbon having from 4 to 15 carbons 
per molecule including aromatic and aliphatic 
hydrocarbons and mixtures thereof, e.g., benzene, 
xylene, toluene, mineral oils, liquid paraffins such as 
kerosene, naphtha and the like. Of the foregoing 
organic liquids, the hydrocarbons are the more 
preferred, with aliphatic hydrocarbons being most 
preferred. 
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The particulate material Comprising a 
hydrops character is an amorphcus, hjhiy 
oxl-dxspersible, approximately micrometer and 
3ub. miC rometer size, substantially water-insoluble 
particu ate material. T ypi ca ii y , the size Qf ^ 
part l ate fflaterial ranges fpom iesg he 

several nucrometers in diameter. The particulate 

TolZll: T "^"^ ioxide, 
rlLl V Particulate material provided by the 
reaction of silica with PolydimethyldichlorosilanV 

; s r ztjit ic r e materiais inciude 

clays such as the catxonic surfactant treated bentonite 
clays. An example of a hydrophobic clay is sold 
commercially as Bentone* 34 by N. L. Industries 



The Proofs* 



Preparing the aggregates or clusters of th. 
Present invention retires suspending tne Zeous 



i„„i j T " e a,Ue ° US sol ""°n oan be water or oan 
ethl n ,? th7leni ° aUy """""^ — — ■ The 
prepared by first dispersing the monomer in water Th. 
30 monomer oan be preneutralu.d and exist a, a sax "or^s 

mono ^ *° M aM the T » the 

Monomer is in aoidio form, the pH of the solution should 
then be adjusted to between 4 and 7. the weigM ratio 
of monomer is typically Mo to 

, >.«iiy 1.10 to 5:10 monomer to polymer 

particles. Preferably the weight ratio of monomer is 
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typically 2:10 monomer to polymer particles and the 
ratio of monomer to water is typically 0:10, preferably 
4:10. Optionally, the aqueous solution (with or without 
the monomer) may also contain a crosslinker, chelating 
agent and initiator. Therefore, the total monomer, if 

5 

present, is present in the range of 15 to 45 weight 
percent based on total weight of the solution. The 
crosslinker is typically added in an amount of 0 to 5 
weight percent based on the total weight of the monomer. 

10 The amorphous highly oil dispersible 

substantially water-insoluble particulate material is 
suspended in an inert hydrophobic liquid. The aqueous 
solution or aqueous monomer solution is then added to 

15 the particulate material to form a suspension of aqueous 
droplets or aqueous monomer droplets. The aqueous 
suspension or aqueous monomer suspension is then added 
slowly to the suspended polymer particles while the 
polymer particle solution is agitated and exposed to 

20 polymerization conditions. The polymerization 

temperature can range from 10°C to 100°C, depending upon 
initiators chosen. 

The size of the aggregates or clusters formed 
25 will depend on the size of the polymer particles with 
which the process begins. However, a major contributor 
to the size of the aggregates or clusters is the size of 
the droplets of aqueous solution or aqueous monomer 
solution which are suspended in the inert hydrophobic 
^° liquid and added to the suspended particles solution. 
The droplet size is controlled by the amount of 
amorphous highly oil dispersible substantially 
water-insoluble particulate material present in the 
monomer solution. For example an aggregate of 
approximately 1000 micrometers can be formed when the 



WO 90/08789 

PCT/US90/004I3 

-10- 

in a ratio or app™ £ t ° ^ P-ant 
«- -aight of tot.! poller ' ^ °" 

toe ioeJ'^XCoTn a„ Mter3 * 
daairable size. ° Ve " Md Crushed * • 
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desirable size 

The hydration rate nf i-v,. 
particles over the h«n- J 8 1,0 * of Polymer 

es ana a timer iS simultaneously set t»„* 
hydration rate Is that The 

Examples 

The 6IaapU3 inustrate preMnt 

Example i 

°o„ Chameal Company" £ I'! r'n"" 1 """""" 1 "* 
distribution, is .i„ 0 L ■ U " < Mr " 0le 3i " 

diapsrsion l, suspended using agitation H' 

Phase is p r . parea MUh . sol ^"" 1 ™- T1 " — - 

acids 0.05 gram of *,..„ .! , grMS of »<*yUo 

*•» of a o h u« nV a^ ^ 5 0 T OPane tri ™ e < «•« 
" 8 agent; 15.7 grams of uaf^. 10 

J'; 50 of sodiL hydroxide^ and 

nrf- 

hydrocarbon and 0.25 zram of v. ^ 

a u-O gram of hydrophobic fumed silica 
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sold as Aerosil R-972 from Degussa. The aggregates or 
clusters are formed by adding the monomer phase to the 
reactor under constant agitation at 600 rpm, 20°C and 
under the flow of sulphur dioxide gas between 0.1 to 
10.0 ppm/min. The aggregates are then separated from 
J the hydrocarbon by filtration and then dried in a hot 
air oven at 100°C overnight. 

The hydration rate of the clusters or 
aggregates of the invention is tested by evenly 

10 

spreading 1.0 g of clusters over the bottom of a medium 
sized plastic boat (Fischer catalog 500ct. #682-160- 
502). Thirty grams of a 0.9 percent sodium chloride 
solution is poured over the particles and a timer is 

15 simultaneously set. The hydration rate is that time 
required for the aggregates to become stiff. The 
aggregates exhibited a hydration rate of 15 to 
20 seconds with no visible gel blocking. A Comparative 
Example 1 of the Dry tech® (The Dow Chemical Company) 

20 non-clustered polymer fines having mixed particle size 
distribution exhibited a hydration rate of greater than 
10 minutes with visible gel blocking. 

The absorbent properties are determined by the 
25 following procedures: 

1. Filtered Free Swell Capacity (FFSC) is 
determined by allowing 1.0 g of the polymer aggregates 
or clusters to absorb its limit of 200 g of 0.9 percent 
30 sodium chloride solution in 30 minutes then filtered 
using a Buchner funnel and filter flask evacuated by an 
aspirator. The excess salt solution which is not 
absorbed and filtered is weighed and subtracted from the 
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original 200 g to vieiri fv, a 

value. 7 " thS fUtered capacity 

polymer la mtered off and th . 5woUen 
polymer present. 0f solu ble 

10 of thi , ztTT*:: : nr T" ^ ««- 

.J "vention exhibits a FFSC of « 

ano a „,t.r 30l uble polynep ^ ^ ^ « 

Example 2 

Polymer particles havine a •, 
— Ur than 335 TOah (M . "^"t. a " 
similarly bv the m »fj,«^ "meters; are associated 

20 levels of the Mere..!-... " " ater solubl * 

-nner to t^^ZTJT^ * * ^ 
-ate for the clusters'"! p 7s £ JV^"" 
with no visible m 20 seconds 

„ »ater-soluhles ifvel : 7 W 13 28 >«< the 

25 consist of samples of L u C ° BPara " ve «. *W 

caving a partloirsL. 1, r 3SOClat,d P ° lyBer 
e K«ri;ioj.e size smaller than 325 B esh ran 

micrometers), are evaluated In a ,<„?, 
of th. Comparative ExampU V T h. , T Mnne " *° ^ 
30 Sample 2 exhibit g .l" oo k ln g ^ Co »"«-»«™ 

£«-*•.>. th. abates or olusterHf the 
xnv.nt.on .xhibit a hydration rate of ^J*' ^ 
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5 seconds whereas the unassociated particles of that 
same mesh size undesirably g 1 block. 
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'• A method for preparing aggregates n r 
clusters of water-sweUabU poller partiol.e hlin 
improved hydraUon rate and abeorbing ^ 

<« ~" 8 ---- -ymer 

- 1, ^; M :trr;;rL»: ( " 

s of fche Polymer are formed. 
2. The method of Claim 1 wherein ►».. 

carboxylic acid monomer of acrylic acid 

acid, erotonio aoid. or lj0 oroton lo aou. ^ ' . 

-Uon tduZrCZr^ra ~ ' 

oonaiatine of dJa^-»i. t orosslmking monomer 

, 5 or diacrylate or dimethaorvi.i-. . 

gljrool, diethylene glyeol trl.fh , "hylene 
glyooi, 1,,-butan. HIT ,' < f " 8lyCOl • Pr ° !,!rl!!n * 
neopentn ma^^^^.'-**-" 

truun iaoo^n^ate 5 ' le " e ' bla - natha0rylM " e ' - 
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4. Th method of Claim 1 wherein the inert 
hydrophobic liquid is halogenated hydrocarbons or 
liquid hydrocarbons of 4 to 15 carbons per molecule. 

5. The method of Claim 4 wherein said 
halogenated hydrocarbon is perchloroethylene or 
methylene chloride. 

6. The method of Claim 4 wherein said liquid 
hydrocarbon is aromatic, aliphatic hydrocarbons or 
mixtures thereof. 

7. The method of Claim 2 wherein the aqueous 
solution additionally comprises a particulate material 
of hydrophobic character. 

15 8. The method of Claim 7 wherein the 

particulate material is hydrophobic silicon dioxide. 

9. The method of Claim 2 wherein the 
ethylenically unsaturated carboxylic acid monomer is 

20 present in an amount of 15 to 45 weight percent, based 
on total weight of the aqueous solution. 

10. The method of Claim 1 wherein the aqueous 
solution of step (b) is (i) at least one ethylenically 

25 unsaturated carboxylic acid that is polymer izable with 
the water-swellable polymers and (ii) an amorphous, oil 
dispersible, substantially water-insoluble, particulate 
material. 



30 



12. Aggregates or clusters of water-swellable 
polymers, said aggregates having improved rates of 
hydration and absorbing behavior, characterized by: 
water-swellable polymer particles associated by bonding 
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liiz\2T 3 T abie poiymer particies in * ~— 

pacing configuration spacially distributed forming 
discrete clusters of water-swpi i*hi , 
fch.f .11 water-swellable polymer particles 

that allow aqueous absorption. 

wherein tLV agSr6gateS or 0l «t.r« of Claim 12 

wherein the aggregates are comprised of water-swellable 

^sT(8:r s - havins an unassociated 

or 20 mesh (841 micrometers) to 400 mesh (37 
micrometers) and the water-swellable polymer particle 
clusters have a size of 300 micrometers £ 3 000 
micrometers. 

14. A method of using the aggregates or 
clusters of Claim 12, comprising: combining said 

15 ! Q SS H ega . te Mith * a ' ibSr mat6rial * and ***** said 
combination in an aqueous-absorbing article. 

15/ An article including the aggregates or 
clusters of Claim 12. 

16. An absorbent article, comprising: 

of . u „ U) 50 t0 98 P6rCent by wei * ht of ~" article 
of a hydrophilic fiber material; and 

CD) 50 to 2 percent by weight of said article 
of aggregates of water swellable polymers, formed by 

nvdro U h SP K n<llng PartlCleS ° f Said P ° lyners in - inert 

2 " (U) adding t0 Said suspension, 

slowly, und er polymerization conditions, an aqueous 
solution or mixture of an ethylenically unsaturated 

ZllZll\T 13 P ° lyme ' izabl * -itH the water- 

swellable polymers and an amorphous, oil dispersible 
u s antialiy water-insoluble, particulate materia 'and 
(Hi) drying said aggregate. 
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